Background: Urine cultures are frequently recommended to rule out infection as a postrenal cause of proteinuria.
| INTRODUCTION
Proteinuria, the presence of an excessive amount of protein in the urine, can be an indicator of underlying renal disease. Renal proteinuria is an important marker of renal disease progression and response to treatment, and is associated with an increased risk of adverse outcomes in dogs and cats with renal disease. 1, 2 As such, early identification and intervention is recommended.
Prior to intervention, it must be demonstrated that the proteinuria is persistent and renal in origin. Prerenal and postrenal causes of proteinuria need to be ruled out before initiating an extensive work-up and treatment for renal proteinuria. This step-wise evaluation is welldescribed in the 2004 ACVIM Consensus Statement on this topic. 3 Bacterial cystitis, as well as other causes of lower urinary tract inflammation, are well-recognized causes of postrenal proteinuria. 4 As such, quantitative urine cultures (QUCs) are often recommended in the routine diagnostic evaluation of a proteinuric dog. 5 At many practices and institutions, including the practice at which the authors work, QUC is routinely performed when evaluating a proteinuric dog, even in the absence of an active urine sediment or signs of lower urinary tract disease. Some diseases that cause renal proteinuria, such as diabetes mellitus or hyperadrenocorticism, also predispose dogs to bacterial growth in urine, which is frequently subclinical. 6, 7 Additionally, a lack of pyuria and cytologic detection of bacteria cannot rule out bacterial growth in urine in dogs with dilute urine samples, which is a reason urine cultures are still recommended despite an inactive sediment. 8 However, the prevalence of bacterial growth in urine in proteinuric dogs with and without active urinary sediments has not been reported. Therefore, the value of routinely performing QUC in proteinuric dogs is not known.
There is poor agreement between the presence/absence of bacteriuria and proteinuria and, when comparing dogs with or without clinical signs associated with bacterial growth in urine, there is no significant difference in UPCs. 9 A wide range of UPCs are represented in both categories, likely due to the fact that a large number of diseases, beyond bacterial growth in urine, can contribute to proteinuria.
The purposes of this study were to identify factors that predict a positive urine culture in proteinuric dogs (urine protein-to-creatinine ratio > 0.5), characterize the types of bacterial growth present, and, ultimately, draw conclusions regarding the utility of routinely performing QUC as part of a diagnostic evaluation for proteinuric dogs.
| MATERIALS AND METHODS

Electronic records from the Texas A&M Veterinary Medical Teaching
Hospital from January 2008 to January 2018 were searched for dogs that had a quantified urine culture, UPC, and urinalysis (UA) performed.
The records of dogs were retrospectively reviewed. Dogs for which a QUC had been performed on a urine sample collected by cystocentesis were included. If the method of collection was not specified, the cases were included in the analysis as long as their corresponding urinalysis was listed as being collected by cystocentesis, as cystocentesis is the standard collection method for urine cultures at the authors' hospital and it would have been unusual to have collected urine by 2 separate means. If multiple visits met inclusion criteria for a single dog, only the earliest visit within the 10-year time frame was included. Dogs were excluded if the diagnostics (QUC, UPC, and UA) were not performed within 72 hours of each other. This 72-hour time period was chosen for 2 reasons. First, it is standard practice of the authors' institution's microbiology laboratory to store refrigerated urine samples for up 72 hours in case culture is later requested. Additionally, it is standard for most clinicians at our institution to save a sample for culture when obtaining urine, typically in a urine transport tube with preservative if culture within 24 hours is not anticipated. For this reason, while there is no definitive way to retrospectively determine if diagnostics were performed on 1 or more urine samples, it highly likely that for a majority of samples, diagnostics were performed on a single, divided urine sample within this period. Second, there is not expected to be significant changes in UPC in urine stored for up to 72 hours. 10 Dogs were also excluded if they had received antimicrobial therapy within 1 month prior to the tests. Dogs receiving oral tylosin were not excluded, as this was a commonly encountered medication and was thought to be unlikely to affect urine culture results due to predominant excretion in bile with documented low recovery of the drug in urine. 11 Lastly, dogs with a UPC ≤0.5 were excluded. This UPC cutoff was based on current substaging guidelines provided by the International Renal Interest Society. 12 This case selection process is illustrated in Figure 1 .
From each record, the dogs' signalment, UA, UPC, and QUC results were recorded. If a recent (within 1 month) biochemistry panel (Vitros 4600 Chemistry System, Ortho-Clinical Diagnostics, Raritan, NJ) had been performed, blood urea nitrogen (BUN; reference interval: 5-29 mg/dL) and creatinine (reference interval: 0.5-1.5 mg/dL) concentrations were also recorded. Dogs were then classified as having renal azotemia (creatinine ≥1.4 and USG <1.030) or as nonazotemic, based on IRIS staging guidelines. 12 Urinalyses were performed using a standard dipstick (Multixstix 10 SG Reagent Strips, Siemens, Norwood, MA), USG was determined by manual refractometry, and microscopic examination of sediment was performed in-house by trained laboratory technicians, typically performed within 4 hours of submission. Samples are routinely refrigerated between collection and analysis. Dogs were designated as having pyuria (>5 white blood cells per high-power field), hematuria (>100 or too numerous to count red blood cells per high-power field), or bacteriuria (any bacteria seen). This definition for hematuria was set because microscopic hematuria is unlikely to cause significant proteinuria. 13 For the purposes of this study, an active sediment was defined as the presence of pyuria, hematuria, bacteriuria, or any combination of those findings. Inactive sediment was defined as a lack of pyuria, hematuria, and bacteriuria.
UPCs were calculated after measuring the urine protein and urine creatinine of a single urine sample using the Vitros 4600 chemistry analyzer via the Vitros slide method. Urine protein was measured by reaction with pyrocatechol violet-molybdate complex, which was then measured spectrophotometrically. Urine creatinine was measured using an enzymatic assay in which creatinine is hydrolyzed to creatine in the rate-determining step. were also entered into the multivariable analysis as P < .2.
Univariable analysis of laboratory findings, including renal values and urinalysis results, are presented in Table 2 . Serum BUN (P = .019) and creatinine (P = .016) concentrations were significantly lower in dogs with bacterial growth in urine than those without. Azotemia as a categorization did not reach significance (P = .096), but was entered into the multivariable model as P < .2. Hematuria (P = .017), pyuria (P < .001), and bacteriuria (P < .001) were significantly associated with urine bacterial growth.
There was no significant difference in age, UPC, urine pH, or glucosuria between dogs with and without bacterial growth in urine; however, UPC (P = .052) and urine pH (P = .13) were included in the multivariable model 
| DISCUSSION
To help rule out bacterial growth in urine as a postrenal cause of proteinuria, QUC is frequently recommended as a standard diagnostic test for proteinuric dogs. 5 In this retrospective study, we analyzed the results of UA, QUC, and UPC performed on dogs over a 10-year time period (2008-2018). Dog characteristics, including comorbidities and renal values, were also analyzed. We identified pyuria and bacteriuria (but not hematuria) to be predictors of bacterial growth in urine. Additionally, lower urinary tract disease was also associated with bacterial growth in urine.
It is not surprising that our study demonstrated an association between lower urinary tract disease and bacterial growth in urine, as many of the diseases that resulted in dogs being placed in this category Interestingly, no other comorbidities were significantly associated with bacterial growth in urine among the proteinuric dog population in this study. Dogs with hyperadrenocorticism are at increased risk for bacterial growth in urine, with rates of bacterial growth in urine over 40% in dogs with hyperadrenocorticism, diabetes mellitus, or both. 6 In euthanized dogs with hyperadrenocorticism, 6.6% have bacterial growth in urine, which is significantly higher than those without hyperadrenocorticism. 15 Given this predisposition to bacterial growth in urine, in addition to a known association with proteinuria, it is interesting that diabetes mellitus and hyperadrenocorticism were not associated with bacterial growth in urine in this study. Our study design resulted in a population biased CKD was also not associated with bacterial growth in urine, although it did reach statistical significance in the univariable analysis.
In 1 cohort of dogs with CKD, 32% had positive urine cultures over the course of their disease. 16 A positive leukocyte esterase dipstick result and presence of microorganisms on sediment examination was associated with positive urine culture results and a majority (80%) of dogs with positive urine cultures had microorganisms present on sediment analysis. 16 Only 8% of these dogs had clinical signs of lower urinary tract disease, supporting that subclinical bacteriuria is the most common diagnosis associated with bacterial growth in urine in dogs with CKD. 17 In our study, CKD was not associated with bacterial growth in urine; however, we only evaluated proteinuric dogs, and our study was biased against dogs with active urine sediment (including bacteria) on sediment examination. Thus, even though dogs with CKD commonly have subclinical bacteriuria, our study might be biased against this population, as clinicians might not have requested a UPC if bacteria were identified on sediment analysis. Additionally, a dog T A B L E 2 Univariable analysis of the association between laboratory findings and the presence of bacterial growth in urine in 451 proteinuric dogs was only categorized as having CKD if listed as such in their diagnosis list. Thus, it is very possible that dogs with early stage CKD (IRIS Stage I) might not have been identified or listed as such, which would have led to an underestimation of this comorbidity in our study population.
Signs of lower urinary tract disease, as a category, were not associated with bacterial growth in urine. It is possible that this was due to the low number (8 dogs) within this group leading to type II error.
However, a number of sterile disease processes can also result in signs of lower urinary tract disease.
There was a relatively low prevalence of bacterial growth in urine in our study population of dogs (30/451; 6.7%). This is likely in part due to the fact that UPCs are generally not performed if an active urine sediment (including bacteria on urine sediment) is identified. For this reason, this population of dogs is biased toward those with inactive sediments and likely underestimates the prevalence of bacterial growth in urine in proteinuric dogs as a whole. That being said, it is still interesting to note that the majority (60.0%) of the cases with positive growth had an active urine sediment. For some cases, the UPC was likely requested prior to having the results of the urine sediment examination.
For others, dogs were identified as being proteinuric and the QUC was performed as part of our hospital's routine diagnostic approach. The selected dogs are representative of those that would be tested in a clinical setting in that UPC and QUC are performed for a variety of reasons; however, this study should not be interpreted to indicate the prevalence of bacterial growth in urine in all proteinuric dogs. A prospective study would be better suited to evaluate that prevalence.
All of the dogs with bacterial growth in urine and active urine sediments had bacteriuria or pyuria. None had active urine sediments characterized by hematuria alone. Thus, it is not surprising that hematuria, although considered a characteristic of an active sediment, was not found to be associated with bacterial growth in urine in the multivariable analysis of this study. This is likely due to the fact that a large number of sterile processes, such as cystolithiasis or iatrogenic hemorrhage secondary to cystocentesis, can also result in hematuria.
Therefore, a finding of hematuria in the absence of pyuria or bacteria identified on sediment examination does not appear to support the presence of bacterial growth in urine in dogs.
In our study population of proteinuric dogs, there was a very low 18, 19 In our study, the presence of a urinary catheter could have been included as a criteria for the lower urinary tract disease category. However, given that urinary catheter placement is not listed in the diagnosis list and is not always clearly or consistently noted in a specific part of the medical record, this particular risk factor was not evaluated.
As stated above, there was a very low incidence (1.8%) of bacterial growth in urine that would not have been identified if the risk factors determined by this study (lower urinary tract disease, active sediment)
were used to prompt QUC. This finding suggests that routine urine culture of proteinuric dogs without these risk factors might be unnecessary. associated with bacterial growth in urine. We considered that distinguishing clinically relevant bacterial growth from contaminants was a more rigorous approach, and the respective odds ratio for each variable was higher than when all positive urine cultures were included.
The retrospective design of this study means that it has some inherent limitations. As previously discussed, clinicians are less likely to perform a UPC when bacterial growth in urine is suspected based on clinical signs or urine sediment analysis. This study was not designed to accurately determine the prevalence of bacterial growth in urine in dogs with proteinuria. Additionally, the diagnostic evaluation was clinician-dependent and was not standardized, so we relied on the available medical records to classify dogs by comorbidity. Some dogs might not have been fully evaluated for comorbid diseases. Furthermore, there was variation in the level of detail provided in the dogs' histories, and it is possible that signs of lower urinary tract disease were not recorded in some cases. Therefore, our study might have underestimated the frequency of signs of lower urinary tract disease. Lastly, the method of collection was frequently not stated on the quantified urine cultures. In these cases, a concurrent urinalysis was stated to be collected by cystocentesis and it was assumed the urine cultures were also performed using a cystocentesis-collected GRIMES ET AL. 775 sample, especially as this is standard protocol in our hospital. However, it is possible that voided samples were unintentionally included.
For these reasons, prospective evaluation of urine cultures in dogs newly diagnosed with proteinuria is warranted.
While this study reveals characteristics that might help predict positive urine culture results for a proteinuric dog, it does not allow us to determine whether the bacterial growth in urine was the cause of the proteinuria. To determine whether the proteinuria was postrenal and resolved after resolution of the bacterial growth in urine, repeat evaluation for proteinuria would have been necessary.
In conclusion, this study determined that pyuria, bacteriuria, and lower urinary tract disease are associated with the presence of bacterial growth in urine in proteinuric dogs. An association between common comorbidities associated with proteinuria, such as hyperadrenocorticism, and the presence of bacterial growth in urine in this group of proteinuric dogs was not found. Although the prevalence of bacterial growth in urine was relatively low (6.7%) in our study, an active urine sediment or lower urinary tract disease should prompt quantitative urine culture for proteinuric dogs. Furthermore, routine urine culture in proteinuric dogs without these risk factors might not be necessary.
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